Introduction
The management of oil revenues is the past, present and future of macroeconomic policy in Nigeria. As Paul Collier's paper in this workshop describes (Collier, 2006) , the long history of fiscal mismanagement of oil booms in Nigeria severely proscribed the Central Bank of Nigeria's ability to pursue a coherent monetary policy. Without the support of a disciplined and broadly predictable fiscal stance, the central bank was unable to make credible commitments to an inflation target or, indeed, to any other intermediate target such as the monetary supply or the exchange rate. Monetary policy could not reliably anchor inflation expectations. Since the turn of the century, however, the landscape has started to change.
Harnessed to a stronger political commitment, the successful consolidation in the financial sector concluded at the end of 2005 and the de facto unification of the foreign exchange markets in early 2006, measures such as the Fiscal Responsibility Bill, currently working its way through the legislature, are laying the foundations for improved fiscal management of oil revenues. As a result, and for possibly the first time in its history, the prospects now exist for genuinely 'independent' central banking in Nigeria. It now makes sense to consider monetary policy playing a more central role in the short-run management of oil revenues. This paper is concerned with one specific aspect of this management problem, namely how a more autonomous central bank should seek to set its limited monetary policy instruments so as to efficiently manage the short-run volatility in oil revenues. We start from the premise that the central bank sees its core remit as pursuing low and stable inflation, even though it does not at present explicitly see itself as an 'inflation targeter'. However we also assume that other concerns compete for the central bank's attention. First, there may be an anxiety about the level and volatility of the nominal and real exchange rates. Fears of adverse 'Dutch Disease' effects accompanying oil surges may draw the authorities into attempts to prevent the temporary (or persistent) appreciation of the real exchange rate in order to forestall perceived losses in competitiveness. But concerns about exchange rate volatility may centre less on the question of competitiveness than on the political costs of temporary exchange rate appreciations which first confer big income gains on net consumers of imported goods before reversing them. The central bank may also be concerned about interest rate volatility.
Attempts to address nominal (and real) exchange rate volatility through exchange rate intervention -a fear of floating -are often accompanied by a belief that some form of domestic liquidity sterilization is necessary to deliver on an inflation target. Sterilization, in turn, raises concerns over interest rate volatility, the effects on private investment, and the quasi-fiscal burden of increased domestic borrowing. Finally, the central bank may also seek to avoid excessive volatility in output, particularly in the non-tradable sector where prices are more likely to adjust sluggishly to demand shocks.
The challenge facing the central bank is to identify operational monetary rules that navigate these competing concerns without losing their anchor on inflation, or, more precisely, inflation expectations. This challenge can be distilled into three specific questions. First, to what extent should the monetary authorities seek to manage the path of the nominal exchange rate, if at all? Second, what is the role for using official foreign reserves as a buffer to smooth the spending and absorption of the oil windfall? Finally, should windfall-related liquidity growth be sterilized through bond sales? This paper contributes to the making of monetary policy in Nigeria by examining the performance of a small set of alternative monetary policy rules in the face of volatile oil prices, holding other sources of volatility constant.
Two key messages emerge from our analysis. The first is that when the fiscal response to oil surges significantly alters the path of domestic deficit financing needs, strategies involving significant foreign exchange intervention to offset the incipient nominal exchange rate appreciation deliver less volatile outcomes than those which allow the exchange rate to float freely. This intervention can be achieved by simple rules that match foreign exchange intervention directly to the saving out of the windfall (what we refer to as a buffer-plus-float) or through an explicit exchange rate crawl aimed at keeping the rate of nominal exchange rate depreciation close to the long-run inflation target. Both rules are much more effective at reducing short run real and nominal volatility than a pure float. Second, judged solely against the narrow criteria of minimizing short-run price, exchange rate and output volatility, the crawl outperforms the buffer-plus-float. However, if in addition to targeting macroeconomic volatility, the authorities are also concerned to develop the structural performance of domestic finance markets by promoting greater market-based exchange rate determination, the balance tips in favour of the buffer-plus-float.
The second main message is that in the face of an oil price surge, the conventional case for domestic bond sterilization is not well made, even when the authorities' foreign exchange rate intervention leads to a growth in domestic liquidity. The combination of income growth and a reduction in expected inflation arising from fiscal consolidation serve to increase the demand for domestic money thereby warranting the growth in liquidity arising from the authorities' accumulation of official net international reserves. Indeed, there may be a stronger case for 'reverse sterilization' where part of the oil windfall is used to buy-back domestic debt. This may serve two purposes. First, a debt buy-back serves to crowd-in private investment by temporarily lowering the real interest rate. At the same time, a debt buyback at the beginning of an oil surge creates 'space' for the monetary authorities to more effectively manage the end of an oil price surge, especially in circumstances where the fiscal authorities cannot credibly commit to adjust expenditure immediately as windfall revenue disappears.
Three important caveats apply, however. First, the strength of the case for foreign exchange intervention, and against bond sterilization, in the face of oil surges depends intimately on the sensitivity of the private sector's demand for money to changes in expected inflation, and how heavily it discounts the future. In contemporary Nigeria, especially as reforms in the financial sector begin to take root, portfolio effects appear to be relatively strong. However, if the inflation elasticity is low and horizons are short, portfolio effects on the demand for money weaken, the distinction between alternative exchange rate rules is less stark, and the case for a debt buy-back less powerful. Second, the analysis reported below is based on a model which de-emphasises the role of the banking system in the transmission of monetary policy and hence the results do not do justice to the full range of policy instruments available to the central bank. Finally, we must reiterate a self-evident truth about monetary policy in Nigeria.
With oil revenues constituting such a dominant share of total fiscal receipts, it will always be the case that monetary policy is conducted in the shadow of the fiscal management of oil revenues. Whilst it may be possible for the central bank to lean against weak fiscal management in the short run --for example by relying heavily on quantitative controls such as reserve requirements and central bank liabilities to mop up excess domestic liquidity -no long-run inflation target can succeed without a supportive fiscal policy. Other papers in this volume address issues of fiscal management directly; given the objectives of this paper, we assume the existence of a broadly coherent fiscal stance.
The remainder of the paper is structured as follows. Section 2 sets the scene by providing a brief sketch of the relevant monetary conditions in contemporary Nigeria. In Section 3 we motivate the formal simulation analysis by establishing the main lines of our argument, and in Section 4 we present and discuss the simulation results. Section 5 concludes with some brief comments on the question of fiscal credibility.
Monetary Policy Objectives and Practice in Contemporary Nigeria
In recent decades the declared objective of monetary policy in Nigeria has been to attain both price stability and exchange rate stability. The reality has, however, been rather different.
Average inflation, which had stood at around 30 percent per annum from most of the two decades since the 1974-1979 oil price boom, has fallen but has continued to be volatile rate targets cannot be pursued simultaneously so that at some point in time, these two objectives will require mutually incompatible policy actions with the consequence that either or both targets will be jeopardized. These tensions between money supply and exchange rate objectives remain so that while the authorities remain publically committed to a programme in which broad money growth is the principal anchor, concerns about the path of the exchange rate are rarely far from the surface. --under review by the National Assembly at the time of writing --which seeks to establish better coordination of the fiscal policies of federal, state, and local governments through formal fiscal rules and enhanced fiscal transparency and accountability, the lack of which has long been a problem in Nigeria (see Box 1).
Although the long-term success of the current initiatives remains to be seen, the first important and unprecedented steps have been made towards a sustainable fiscal policy framework. This improved fiscal outlook has immediate consequences for the conduct of monetary policy as well. In the presence of a certain degree of fiscal discipline and a credible money targeting regime, the question arises how the other objective of the central bank, exchange rate stability, should be viewed, particularly in the face of volatile oil prices. It is to these issues that we now turn.
A Simple Framework for Monetary Policy Analysis

The basic structure
Successful monetary management of volatile oil revenues turns on how this volatility translates into volatility in domestic deficit financing ('seigniorage'). As we show, this becomes a particularly important issue if fiscal policy is geared towards saving some of the oil windfall, either to reduce reliance on domestic deficit financing, or to smooth the profile of government expenditure for a given fiscal stance (or some combination of the two). In such circumstances, simple monetary rules which stabilize the path of domestic financing through more or less exchange rate intervention turn out to have attractive properties. The reason for this is as follows: conventional wisdom concerning the choice of exchange rate regimes suggests that a floating exchange rate regime offers the economy the best protection against real shocks while a fixed (or crawling peg) regime provides better protection against portfolio shocks. The distinctive feature of oil price surges in Nigeria is that while the originating shock is real, the authorities fiscal choices, which alter the path of domestic deficit financing, converts the real shock into a mixed real and portfolio shock thus shifting the balance in favour of a degree of intervention aimed at managing the path of the exchange rate.
We examine the properties of two specific rules which achieve this objective, albeit in different ways. The first, which we refer to as a buffer plus float, directly stabilizes the path of seigniorage by synchronizing foreign exchange sales to the growth in liquidity generated by domestic spending out of the oil windfall. This entails initially accumulating oil proceeds as official foreign exchange reserves and then sterilizing the full domestic currency counterpart of non-import spending through foreign exchange sales as it occurs.
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The second rule, an exchange rate crawl, does not target liquidity growth directly but rather the authorities intervene in the foreign exchange market to keep the nominal exchange rate close to its long-run equilibrium rate of depreciation. In this case, foreign exchange intervention responds to the latent pressures coming through the private portfolio choices (between holding domestic and foreign denominated assets) which, in turn, reflect underlying changes in the supply of domestic liquidity arising from the fiscal intervention.
The simulation results presented later in this paper are derived from a model based on et al (2006) . 5 Although the model itself is quite detailed, its central insights can be derived directly from the basic accounting identities that frame the set of policy choices. The first is the consolidated budget constraint of the public sector which we define in Naira terms
is the non-oil overall fiscal deficit before foreign financing, G is consolidated government expenditure, B and F represent domestic and external debt respectively (with domestic and foreign interest rates t DF is therefore domestic financing of the consolidated public sector deficit.
Equation (1) states that the fiscal deficit net of oil and any foreign financing is ultimately financed through some combination of the growth in the monetary base ( H ∆ ), growth in public sector domestic debt ( B ∆ ), and depletion of official net international reserves
The left-hand side of (1) is the traditional province of fiscal policy. The fiscal spending decision determines the overall public sector domestic deficit net of oil proceeds period-by-
period. In what follows we shall ignore the role of official foreign financing of the budget.
For Nigeria this is of second-order importance to the overall budget: what really matters is the -8 -evolution of the fiscal deficit net of the oil windfall, ( )
. The domain of monetary policy is then the composition of the right-hand side of (1), taking the left-hand side as given.
Choices over the exchange rate are implemented by the degree to which the monetary authorities target the evolution of official net international reserves. It may also be the case that the fiscal authority explicitly chooses to run a foreign reserve buffer as part of a strategy to smooth its own expenditure. In this case we can re-define (1) as (1a) ( )
where the superscripts G and C denote reserve accumulation decisions exercised by the fiscal and monetary authorities respectively.
These fiscal and monetary choices necessarily feed back onto the evolution of the external balance which can be defined as 
Formal model structure
The model is a stylized short-run open economy model with currency substitution. On the consumption side, households (characterized here by a representative agent) consume tradable and non-tradable goods, with the composition of expenditure being determined by the real exchange rate, given the parameters governing the elasticity of substitution. Their net financial wealth is held in terms of three assets: domestic government debt; money; and foreign currency. Importantly, however, neither the representative household nor the government are fully integrated into world capital markets. Hence while the private sector can accumulate foreign currency, it does not have direct, unrationed, access to world capital markets. Similarly, world capital markets have no appetite for Nigerian government debt.
Domestic public debt, on the other hand, is marketed but given the lack of openness of the official capital account, it is, in effect, non-tradable. These assumptions may not be wholly realistic, but are made to allow for two important features that do characterize the Nigerian economy. The first is that domestic interest rates are not tied down by interest parity conditions but rather will move with supply and demand conditions in domestic marketswhich are in turn influenced by fiscal and monetary policy choices --and the second is that the private sector capital account will constitute an important channel for adjustment to oil windfalls.
The private sector's Naira money demand depends on its level of expenditure and the relative opportunity cost of holding domestic or foreign currency. The sensitivity of relative currency demand to these opportunity costs is an increasing function of the elasticity of currency substitution. Holding the nominal interest rate constant, an increase in expected exchange rate depreciation shifts desired portfolios in favour of foreign currency. The higher is the elasticity of substitution between domestic and foreign money for any given change in relative returns, the stronger the desired portfolio reallocation and therefore the greater the pressure on the nominal exchange rate in response to shocks. We do not have any reliable empirical estimates of the size of this parameter for Nigeria, or indeed for other African countries, and so in this paper, we set this elasticity at around the mid-range values from the evidence on Latin American and other emerging markets. Given the calibration values used in the model, this implies an inflation elasticity of the demand for money of around 0.45.
Output consists of three forms; a non-tradable good, oil, and non-oil tradable output although, for Nigeria this third component represents a relatively small share of total production. Prices for tradable goods (on the production and consumption sides) are determined in world markets, while for non-tradables, we allow for some price stickiness (Calvo, 1983) .
The model is designed to consider issues of short-run volatility rather than longer-term response to sustained oil price surges. Hence, as we describe below, we examine the response of the economy to only the temporary component of oil price movements. The model does not concern itself with the medium term evolution of the economy in response to sustained oil-price increases. 7 Specifically, we do not consider the supply-side response to the oil windfall. Thus, the volume of tradable output is fixed, although the sticky-price assumption means non-tradable output is demand determined.
Oil shocks and policy responses
We use this model to examine the properties of alternative responses to oil price volatility holding constant all other sources of short-run macroeconomic volatility. In reality, the relevant volatility is in the value of oil proceeds which combine variations in production and exports with variations in the world price for Nigerian oil. In the interests of simplicity, however, we assume that the volume of oil output is constant and that all volatility arises from variations in the oil price. To focus attention on short-run volatility we represent the evolution of the oil price in terms of the following first-order autoregression Other parameters calibrating the model to the key structural characteristics of the Nigerian economy are based on data for the period 2000-2004 so as to reflect the structure of the economy prior to the most recent oil price surge. Details of these parameters are provided in Appendix Table 1. 7 Nonetheless, these short-run shocks themselves are persistent. 
Fiscal and monetary rules
Our fiscal and monetary policy rules abstract from much of the detail of institutional structures in Nigeria but are sufficiently rich to reflect the principal macroeconomic choices confronting fiscal and monetary authorities. Given our concern with domestic financing we focus on the consolidated budget. On the revenue side we treat all non-oil sources of revenue as constant so that oil revenue is the only source of revenue volatility. Choices are more varied on the expenditure side. First, we assume the fiscal authorities can choose either to fully spend the oil revenue windfall or to save some portion of it. Specifically when oil revenues move above their long-run mean, a portion of the increase may be devoted to reducing the government's domestic financing needs; this we refer to as the deficit reducing (dr) component of the windfall. In the experiments reported below, we allow this saving to account for up to a quarter of the windfall. In terms of the simulations reported below, it is the latter that has the stronger impact on the path of domestic financing and hence the dynamics of inflation and the exchange rate.
The third dimension of expenditure choices concerns the composition of spending. We distinguish three alternatives. At one extreme -our reference simulations --we represent spending as consisting of a direct transfer to household by means of lump-sum transfers; this is, in effect, a version of the mechanism discussed by Sala-i-Martin and Subramanian (2003) with spending decisions out of the oil windfall fully aligned with the private sector's preferences, including their desire to smooth consumption inter-temporally. At the other extreme we assume simple allocation rules under which public spending at the margin is allocated on a current-income basis between tradable and non-tradable goods. Under this characterization we consider the propensity to spend out of the windfall (net of any deficit reduction) to be unity and spending to be allocated between tradable to non-tradable goods in the ratio of 0.15 to 0.85. z govern the degree of commitment to the steady-state rate of crawl, which is tied down by the long-run inflation rate, and the speed with which intervention is eventually unwound. 
The intervention equation can also be defined in terms of the real exchange rate. Issues of real exchange rate targeting are important elements in the current discussion. 10 Until the oil revenue is spent the windfall has no impact on seigniorage, because net international reserves and net oil proceeds each change by the same amount. As the windfall revenue is spent (increasing the fiscal deficit), the import component of spending continues to leave domestic liquidity unchanged because net international reserves fall by the import component of the rise in the fiscal deficit (while in the background, net domestic credit rises by the same amount). The liquidity injection associated with the oil windfall corresponds to the non-import component of windfall spending. A buffer+float policy uses foreign exchange sales to sterilize this in full, leaving seigniorage unchanged. 
Results
Core results: impulse response functions
We begin by presenting a simple set of reference runs against which later analysis can be evaluated. Table 1 reports the impulse response functions for a one-time positive shock to the oil price under three alternative exchange rate rules. In doing so, we emphasise the effect of fiscal saving. In the first case, reported in Panels A and B we assume that the proceeds of the oil windfall are fully spent -but not 'overspent' --as and when they arrive. Government expenditure therefore follows Naira-for-Naira the rise and fall in oil revenues over the duration of the shock. In this base case, government spending is in the form of direct transfers to the representative private agent. In the second case, reported in Panels C, D and E, we assume that the fiscal authorities use one quarter of the windfall revenue to reduce the demands on domestic deficit financing. In the context of equation (1) therefore, Panels A and B correspond to the case where DF is unchanged, at least directly, while Panels C, D and E correspond to the case where DF falls.
Two preliminary points should again be stressed. First, the model is stationary. The oil price shock is temporary and the economy reverts eventually to its initial equilibrium. Second, and related, the exchange rate regime is neutral in the long-run even though each has different short-run implications and different implications for the out-of-steady-state volatility of the economy. These are design choices allowing us to focus on short-run, day-to-day, monetary management issues. But they mean that we do not engage with issues of the medium term response to persistent surges in the oil price, including questions of optimal oil extraction, investment behaviour, the long-run fiscal stance, and hence movements in the long-run equilibrium real exchange rate. All these features are subsumed in our 'steady state' equilibrium.
With these ideas in place, we can turn to what our results do say. The first substantive point from Table 1 is that when the oil revenue is fully spent, and spent in line with optimal private sector consumption smoothing considerations, (Panels A and B) the real adjustment is relatively modest: the real exchange rate appreciates by between 4.3 and 5.5 percent on impact while consumption rises by between 3.5 and 4 percent on impact before adjusting smoothly to its original steady state level. The contrast is on the nominal side: under the float, the real exchange rate appreciation is achieved by a combination of a nominal exchange rate appreciation (of around 4 percentage points on impact) and an initial fall in inflation (of around 1 percentage point). Under the crawl, by contrast, given the stability of the nominal exchange rate relative to its steady state path, the appreciation requires a small transitory increase in inflation of around 2.3%. In other respects there are no significant differences between the two adjustment paths: in both cases they describe an efficient adjustment to a temporary positive shock, with both consumption (C) and the current account balance (ca) rising and the real interest rate falling on impact and adjusting relatively smoothly back towards their equilibrium values.
Matters change when the fiscal authorities choose to use some of the proceeds of the windfall to reduce the domestic financing requirement of the budget deficit. This fiscal adjustment has two effects. The first is that the stronger savings response strengthens the real exchange rate appreciation. But secondly, the change in the fiscal stance entails a sharp contraction in base money which, in turn, induces a drop in expected inflation and increases the demand for domestic money relative to foreign currency, depending of course on the strength of the inflation elasticity of the demand for money. Under a floating exchange rate, however, this shift in the private sector's portfolio -away from foreign currency and towards domesticoccurs against a background where the central bank does not intervene to alter relative supplies of domestic and foreign currency: the entire portfolio adjustment must therefore take place through the nominal exchange rate. As panel C indicates, the nominal exchange rate appreciation required to facilitate the desired portfolio adjustment is greater than the real appreciation required to absorb the windfall. As a result, both the nominal and real exchange rates overshoot which, with sticky prices, means that the non-traded goods sector experiences a sharp demand-switching recession.
The contrast with strategies that involve greater intervention is sharp. In terms of smoothing short-run volatility, of inflation, the exchange rate, output and interest rates, an aggressive crawl dramatically outperforms the clean float in this instance. (Panel D). In part this is because the intervention allows the desired portfolio adjustment to take place through quantity rather than price adjustment but, more importantly, because the intervention serves to limit the deviation of expected inflation from its long-run value and hence forestalls the short-run portfolio switching that so dominated outcomes under the float. How large this distinction is between a pure float and a crawl depends crucially on the underlying elasticity of demand for money with respect to expected inflation.
In practice, both the pure float and the aggressive crawl are polar extremes. In the final panel of Table 1 we consider a useful benchmark case which we refer to as a buffer plus float. In this instance, the monetary authorities accumulate reserves against that proportion of windfall allocated for deficit reduction but otherwise maintain a floating exchange rate regime. This strategy, which probably comes closer to actual practice than either of the other two rules, does not target the path of the exchange rate directly as in the crawl, and hence exhibits rather more inflation and exchange rate volatility, nonetheless attacks the principal source of the volatility under the pure float, namely the sharp short-run contraction in base money growth brought about by the fiscal saving decision. Under this rule, however, intervention is significantly less aggressive than required to stabilize the path of the nominal exchange rate and inflation so that outturns, for the parameters used here, lie somewhere closer to the floar than the crawl.
Exactly where this outcome lies is less important than the implications, two of which are worth stressing. The first is that the outcome is consistent with well-established views about efficient exchange rate responses to shocks which focus on the superiority of flexible exchange rates to current account (real) shocks and fixed or crawling rates to portfolio shocks.
Although the originating shock in this case is a current account, terms-of-trade, shock macroeconomic volatility stems from a portfolio shock arising from the change in expected inflation and seigniorage requirements. To the extent that the intervention element of the buffer plus float goes some way to smoothing the impact of deficit reduction choices on the path for future seigniorage requirements, the otherwise disruptive portfolio adjustment is allowed to take place more smoothly.
The second point is that while the buffer plus float may not be quite as effective as the aggressive crawl in terms of limiting short-run instability, it is nonetheless consistent with another objective of the central bank, namely to promote a more market-based integrated foreign exchange rate. The buffer plus float strategy commits the central bank to intervene with respect solely to that portion of the oil windfall that is saved but to observe a float with respect to all other sources of volatility and, more specifically, to sterilize the liquidity injections arising from the spending out of the windfall through foreign exchange sales (i.e. a float).
Extending the analysis
The results in Table 1 provide a valuable background which allows us to focus on some key aspects of the problem. In what follows, however, we consider a slightly wider range of policy options but in the interests of clarity we report only the most salient results. In doing so we forego the detailed examination of the impulse response functions presented in Table 1 and report instead the volatility of the variables of interest.
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We start by considering two particular variations of the fiscal response. First we assume that the spending patterns out of the windfall are heavily biased towards non-tradable goods.
Second, and possibly in response to this, we assume that the fiscal authorities seek to smooth the profile of aggregate spending relative to the windfall. Since it may not be reasonable to assume that this occurs at all levels of government, the degree of smoothing that can be achieved is taken to be relatively moderate. In particular we assume that pressures to spend mean that smoothing falls some long way short of a rule which would tie consumption to the permanent income arising from the windfall. Table 2 summarizes the effects of altering these fiscal choices where in this case rather than focussing on the profile of a single shock, we report the implied analytical standard deviations from the simulated model. Comparing Panel B with Panel A, two features stand out. The first is that the higher the propensity to spend on non-tradables, the greater the volatility in the real exchange rate, regardless of the nominal exchange rate regime. Although not reported in the table, the impact appreciation of the real exchange rate is almost twice as large as shown in Table 1 . This differential behaviour is only partly related to the assumption that government has a stronger baseline preference for non-tradables per se. Rather it reflects the difference between 'rule-based' characterization of public expenditure and the extent to which this differs from the private sector's spending decisions which entail an efficient alteration of the composition of spending, both inter-sectorally and inter-temporally in response to a temporary income windfall. A similar pattern of response emerges even if we assume that the public sector's spending at the margin is biased towards the tradable sector. The message, therefore, is that rule-based 'myopic' public spending behaviour generates higher real exchange rate volatility than if the spending decision out of the windfall were handled by an optimizing private sector representative agent. The second feature of panel B is that the switch in demand at the margin towards non-tradables eases the up-front deflationary pressure that otherwise is present in Table 1 and hence reduces the inflation and nominal exchange rate volatility. Hence the benefits of intervention relative to the float are somewhat weakened although, as the evidence from the last three columns suggests, the pressures arising from the portfolio adjustment when the windfall is partly used for deficit reduction remain significant.
Spending and Smoothing
Aggregate expenditure smoothing on the part of the fiscal authorities also eases the pressure on monetary policy and narrows the gap between the exchange rate rules (Table 2, Panel C).
However, given the modest degree of smoothing considered in our experiments these effects are not dramatic and certainly not sufficient on its own to remove the instability caused by the effect of latent pressures for portfolio adjustment.
Bond sterilization and debt buybacks
When exchange rate rules embody intervention it is common practice to consider issues of bond sterilization. The logic is simple: intervention implies a growth in net foreign assets relative to the counterfactual and hence, other things equal, a growth in base money. This is certainly the case in debates on managing aid inflows (see for example, IMF 2005a) and would appear to be a perennial concern in Nigeria (IMF 2005). However, as Table 1 indicates, when an oil windfall is accompanied by a significant fiscal savings response, base money actually contracts in nominal terms relative to the counterfactual. The conventional rationale for bond sterilization does not seem quite so relevant here since non-sterilized intervention delivers a smooth path for base money as well as delivering a fair degree of stability in inflation and the exchange rate. Indeed as the first two columns of Table 3 , Panel A indicate, additional bond sterilization, in this case equivalent to 50% of the intervention delivers a marginal reduction in real exchange rate volatility but at the cost of somewhat higher price, exchange rate and interest rate volatility. Public debt management for the purpose of sterilization, therefore, does not appear to have substantial gains.
Looked at from the other side, however, this analysis suggests that there may be important gains to reverse sterilization in such circumstances. As the lower panel of Table 3 shows, our simple short-run model suggests that a debt buyback may lead to a marginally stronger shortrun real exchange rate appreciation but this is set off against a lower real interest rate trajectory over the lifetime of the shock. With no explicit modelling of the supply-side of the economy, the real interest rate in this model serves solely as the relative price between present and future consumption. The lower path for the real interest rate therefore serves to 'tilt' consumption towards the present. However in a medium model in which investment figures the same profile represents an incentive to invest. The debt buyback in this instance corresponds directly to the proposal advanced by Collier and Gunning (2005) and discussed in Collier (2006) at this workshop.
Using a temporary oil windfall to finance a debt buyback may be attractive for other reasons. Buffie et al (2006) consider the analogous case using (part of) an aid surge to finance a domestic debt buy-back in circumstances where government commitments to reduce public spending once the aid inflow has passed are less than fully credible. A fear of higher future domestic deficits reduces the private sectors willingness to increase its current demand for money and increases its incentives to resort to capital flight, thereby unwinding the benefits from the aid inflow. In these circumstances, a debt buyback provides the government extra time to adjust expenditure as the boom passes since the central bank can re-sell the bonds in the future to control the temporary growth in domestic credit to government that will occur if the fiscal authorities struggle to realign expenditures with the new lower level of aid. The debt buyback by the central bank in anticipation of a future surge in domestic deficit financing thus provides the mechanism to quell the private sector's pessimistic expectations concerning future financing. A directly analogous situation faces the central bank in Nigeria.
Oil revenue is volatile and government commitments to fully align expenditure to future revenues are rarely fully credible (even in the presence of institutions such as the Fiscal Responsibility Bill). Monetary policy alone cannot solve the credibility problem but, with a suitable degree of fiscal discipline, can help to contain it.
Conclusions
In the last few years, Nigeria has taken important steps to building solid foundations for effective macroeconomic management of oil revenues. While effective monetary policy will always require a compatible fiscal stance, demonstrable success in monetary management in current circumstances when a substantial measure of fiscal control does prevail can fuel its own virtuous circle, allowing the central bank's de facto independence to be enhanced and inflation expectations more firmly anchored in the future. This paper has examined one particular aspect of the challenge facing the central bank, namely how to choose strategies for exchange rate intervention and bond sterilization in the face of volatile oil revenues. Our analysis suggests that strategies that stabilize the path of domestic financing for a given fiscal response to the oil windfall have attractive properties relative to a range of conventional alternatives including those involving heavy reliance on bond sterilization and variants of a pure float. Our preferred strategies matter most particularly if the fiscal authorities seek to save out of the windfall. Efficient alignment can be achieved by simple rules that match foreign exchange sterilization (i.e. floating) directly to fiscal spending of the windfall while banking the unspent portion. However, an aggressive crawl aimed at keeping the rate of nominal exchange rate depreciation close to the long-run inflation target (a variant of a real exchange rate target) turns out to be rather more effective at reducing short run real and nominal volatility. The attractive features of the crawl in this specific instance may, however, be over-sold if, in addition to targeting macroeconomic volatility, the authorities are also concerned to develop the structural performance of domestic finance markets by promoting greater market-based exchange rate determination.
The second main message is that the conventional case for domestic bond sterilization is not well made, at least not when a reasonable degree of fiscal discipline is in place. The combination of income growth and a reduction in expected inflation arising from fiscal consolidation serve to increase the demand for domestic money thereby warranting the growth in base money arising from growth in official net international reserves. By contrast, however, there may be a stronger case for reverse sterilization either as a means to stimulate private investment or as a way of providing some insurance against future deficit financing demands.
The research and policy agendas considered in this paper are far from exhausted. Critically, though, the model used here can be extended in a number of directions as circumstance dictate. For example, it will be useful to examine the robustness of the simple policy rules as financial sector reforms take root and the private sector's asset demands evolve. Similarly for changes in fiscal structures and policies. Moreover, the framework can be readily extended to allow the authorities to be confronted by additional sources of volatility, for example climateinduced variability in agricultural output. Finally, the model could eventually be modified to reflect operating concerns as the authorities move closer to flexible inflation targeting.
BOX 1: ALLOCATION OF OIL RESOURCES AND FISCAL DECENTRALIZATION IN
NIGERIA
The allocation of oil resources and fiscal decentralization in Nigeria has long been a topic of much controversy. The present system, embedded in the constitution, allocates a large share of revenues to the state and local government. In particular, two categories of revenue are shared by the federal, state, and local government. The first consists of oil revenues net of expenditures, called "First Charges", plus tax revenue collected by the Federal Government on behalf of the federation. This revenue is known as the federation account revenue and is allocated according to a rule that has changed over the years. In 2001, the rule allocated 48.5% of the revenue to the federal government, 24% to the state government, 20% to the local government, and 3.5% to special funds. The remaining 4% was originally meant for other purposes but is now reallocated to the three government levels. The second category of revenue, the value-added tax, is also collected at the federal level but is allocated to the three levels of government according to a different rule. In 2001, 50% of the revenue was allocated to the local governments, whereas the state and federal government received 35% and 15%, respectively.
While a large share of the revenues goes to the state and local governments, the responsibility for consolidated fiscal policy and macroeconomic stability lies at the level of the federal government. At the same time, the local and state governments are allowed to borrow domestically and hold no responsibility for fiscal prudence and macroeconomic stability. As a result, the current institutional structure makes it difficult for the federal government to exert control over the aggregated fiscal policy stance. It is this situation the Fiscal Responsibility Bill (2006) seeks to address by providing for formal fiscal rules aimed at improved coordination of the fiscal policies of federal, state, and local governments. 
